Introduction
============

Propofol (2, 6-diisopropylphenol) can be used as an intravenous sedative and hypnotic agent due to the rapid onset and short duration of its action. As established in molecular \[[@B1]\], animal \[[@B2]\], and human \[[@B3]\] pharmacological studies, propofol has a significant potential to become a drug that may be easily obtained and abused. However, it has not yet been designated as a controlled substance anywhere in the world except in Korea. The intense media attention that followed the propofol-related death of Michael Jackson in 2009 unfortunately resulted in an increased awareness of propofol\'s potential as a source of drug abuse by the general population. In February, 2011, the Korea Ministry of Food and Drug Safety (MFDS) designated propofol as a psychotropic drug, and thus mandating its regulation under the Controlled Substance Act \[[@B4]\].

All psycotropic drugs act on the ventral tegmental area (VTA) of the midbrain and the nucleus accumbens (NAc) of the limbic forebrain, and thus enhancing dopaminergic transmission or exerting dopamine-like effects in the VTA-NAc pathway \[[@B5]\]. An in vivo brain microdialysis study in rats showed that propofol, in nanomolar doses increased the discharge and excitatory transmission of dopamine neurons in the VTA \[[@B6]\] as well as the concentration of dopamine in the NAc \[[@B1]\]. These findings suggest the potential for propofol abuse by humans in whom the symptoms of addiction, including euphoria, calmness, anxiety relief, and restfulness, may occur.

Most of the literature reports regarding the misuse and abuse of propofol are case reports in which the abusers were healthcare professionals, especially anesthesiologists, physicians, and nurses \[[@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14]\]. In those reports, propofol was reported to be abused either for recreational purposes, for stress relief or for insomnia \[[@B15]\]. Although rare, there were two case reports regarding propofol abuse by non-healthcare professionals who received propofol for the treatment of tension headaches \[[@B16][@B17]\].

In contrast, a comprehensive analysis of propofol abuse, including the frequency, duration, amount, and reasons, in the general population, that is, other than healthcare providers and patients treated with propofol, does not exist in the published literature.

Therefore, the purpose of our study is to investigate and report the specific characteristics of propofol abuse based on a survey of abusers among non-healthcare professionals.

Materials and Methods
=====================

A total of 45 propofol abusers (non-healthcare professionals) were asked to participate in a survey with the aid of the Namdong Police (Incheon, Korea) in order to secure an abuser list. The MFDS conducted this survey between October and December 2010.

Among the 45 abusers, 38 consented to publication of their information for scientific purposes. The demographics of these 38, non-healthcare professionals are detailed in [Table 1](#T1){ref-type="table"}. The questionnaire was subdivided into three parts as shown in the Appendix: Part 1 dealt with the history of propofol abuse and was designed to obtain general information regarding an individual\'s history of propofol abuse;Part 2 attempted to identify the problems caused by propofol abuse; the second part attempted to identify the social and economic problems caused by the abuse; andPart 3 recorded the demographics of the interviewed abusers.

Statistical analysis was carried out using SigmaStat 3.5 for Windows (Systat Software, Inc., Chicago, IL, USA). The data are expressed as the mean (SD) for normally distributed continuous variables, the median (range) for abnormally distributed continuous variables, and the counts and percentages for the categorical variables.

Results
=======

Although the indications are that propofol abusers may be adult entertainment workers, a small percentage of the more famous entertainment workers, including celebrities as well as healthcare professionals, have been reported to abuse propofol. However, most of the participants in this survey were from adult entertainment establishments and volunteered their participation.

Among the 38 propofol abusers, 31 (81.6%) abused propofol for \> 1 year, five (13.2%), for 3-6 months, and two (5.3%) for \< 3 months. The frequency of propofol abuse as well as the amount injected each time during the last 12 months are shown in [Fig. 1](#F1){ref-type="fig"}. The minimum and maximum amounts of propofol (median, range) administered each time were 500 (100, 1000) and 2000 (500, 4000) mg, respectively, and thus implying that abusers needed a large amount of the drug to satisfy their craving or specific needs.

The degree of pleasure or euphoria derived from propofol abuse, as reported by the interviewees, is graphically represented in [Fig. 2](#F2){ref-type="fig"}. The majority of abusers (36/37, 97.3%) reported experiencing pleasure or euphoria at the time of their propofol injection. However, 31.6% of the interviewees responded as having a very low or low degree of pleasure or euphoria.

[Fig. 3](#F3){ref-type="fig"} shows the reasons for the first administration of propofol and for its subsequent abuse. The abusers highlighted that stress relief and the maintenance of a sense of well-being were the most common reasons for their first experimentation with propofol and the continued abuse of the drug. It was further noted that withdrawal symptoms had occurred in five (13.2%) of the abusers ([Fig. 4](#F4){ref-type="fig"}). These symptoms manifested in the form of anxiety (2, 5.3%) and sleep disturbances (3, 7.9%) which included either insomnia or hypersomnia ([Fig. 4](#F4){ref-type="fig"}). A comparison of the frequency, duration of propofol infusion, amount of propofol at each administration, and the demographics of propofol abusers with and without withdrawal symptoms are summarized in [Table 2](#T2){ref-type="table"}. However, disturbed human relationships or psychobehavioral problems were not reported in the majority of abusers (33/38, 87.0%, and 31/36, 86.0%, respectively). Thirteen(36.1%) abusers complained of disruptions to their work life, as specifically described in [Fig. 5](#F5){ref-type="fig"}. Fifty percent of the respondents (19) had attempted to quit the propofol habit, and 22 (58%) had suffered economic stress as a result of their abuse. However, none of the respondents had reported or acknowledged abuse of any other addictive substances or drugs.

Discussion
==========

The majority of the interviewees abused propofol for more than one year, and two or three times a week during the last 12 months. Stress relief and the maintenance of a sense of well-being were the most important reasons for the first-time administration of propofol and for its subsequent abuse. The median minimum and maximum doses of propofol (range) administered each time were 500 (100, 1,000) and 2,000 (500, 4,000) mg, respectively. Withdrawal symptoms occurred in five abusers (13.2%).

The results of this survey, although from a small sample population, may provide characteristics of propofol abusers in Korea who are non-healthcare professionals. Most of the people enrolled in this survey were single women in their 20s, and which seemed to have occurred for a few, specific reasons. Some immoral doctors had managed specialized private hospitals to administer propofol to non-healthcare professionals who were without a need for medical care. Some non-healthcare professionals who were under extreme stress, especially employees in adult entertainment establishments, relieved their stress by being kept under sedation induced by the continuous infusion of propofol. After the procedure most people felt a new sense of well-being, euphoria, and a sensation of having had sound sleep and shared this experience with their friends and co-workers. They then habitually visited the hospitals in order to meet their needs and became addicted to propofol. Fortunately, serious complications induced by continuous infusion of propofol, such as hypoxic brain damage, were not observed in these abusers because health care providers administered propofol.

Withdrawal symptoms of propofol were reported in some case reports in which psychotic symptoms, including hallucinations, agitation, and confusion, and physical symptoms, such as tachycardia, tachypnea, tremor, and hyperpyrexia, were observed \[[@B18][@B19][@B20]\]. In our study, psychological symptoms (anxiety) and physical symptoms (sweating, tremor, insomnia, and hypersomnia) were also observed. As is seen in [Table 2](#T2){ref-type="table"}, the frequency, duration of propofol infusion, the amount of propofol at each administration, and the demographics of propofol abusers did not show significant differences between abusers with and without withdrawal symptoms. The patients in published case reports differ in the duration of their propofol administration, age, and outcome \[[@B18][@B19][@B20]\]. It seems to be difficult to suggest accurate information regarding the prevention of propofol withdrawal symptoms, given the limited published data. However, all of the abusers in our study who experienced propofol withdrawal symptoms were single women in their 20s and with propofol administration two or three times a week for over one year.

Most of the abusers in our study felt pleasure or euphoria at the time of their propofol injection, and which did not coincide with previous reports in which patients receiving propofol often experienced euphoria during their recovery \[[@B21][@B22]\]. However, abusers have described their pleasant or euphoric experience after the injection of propofol \[[@B11][@B16][@B17][@B23]\]. This discrepancy may be explained by the psychological expectation of propofol administration in propofol abusers. In particular, propofol was continuously infused, instead of a bolus injection, in abusers in this study, and thus resulted in insignificant pain upon injection with propofol.

The propensity for propofol abuse by non-healthcare professionals had been highlighted in Korea in some very high profile cases specifically from the entertainment industry. In general, as reported in some cases, non-healthcare professionals who became highly dependent on propofol have embarked on the use of some ingenious tactics such as to seek admission to the hospitals and undergoing unnecessary tests or treatment such as gastroduodenoscopies, colonoscopy or cosmetic surgery, those being procedures in which propofol is typically administered as a hypnotic. As propofol abuse in non-healthcare professionals has come to the fore as a social issue with the potential to escalate and increase, in February of 2011 the MFDS became the first such agency in the world to designate propofol as a controlled substance, mandating control in its manufacture, distribution, storage, and use. However, some healthcare professionals were concerned that propofol regulation would be an obstacle preventing its readily available use in urgent and emergent clinical settings. However, the goal of the MFDS was to avoid the potential for the abuse and misuse of propofol rather than to curtail its ready availability in clinical situations. The results of this survey were taken into consideration by the MFDS in designating propofol as a controlled substance and in their efforts to control its abuse in Korea. When the MFDS held a public hearing regarding propofol regulation, the results contributed to putting more weight on the avoidance of the potential for the abuse and misuse of propofol rather than on curtailing its easy access in clinical situation. To the best of our knowledge, no other country in the world has taken similar actions. It may be debated that an exception may be the United States of America where, on November 5, 2009, their Drug Enforcement Administration classified fospropofol, the water-soluble prodrug of propofol, as a controlled substance (Schedule IV) \[[@B24]\].

The reasons why other counties did not designate propofol as a controlled substance may be explained by two ways. First, propofol abuse in non-healthcare professionals has not yet become a social issue. Second, more serious substance abuse, including narcotics and marijuana, may receive attention from the regulatory body in each country. Since February of 2011, the pharmaceutical companies in Korea that manufacture or import propofol should regularly report the amount of their production or importation to the MFDS. The MFDS also periodically inspects those companies in order to check the sales volume of propofol. In hospitals, propofol must be secured in a locked environment requiring key access and wastage must be documented in the wastage records. We cannot obtain objective data regarding any change in the overall frequency of propofol abuse. However, since propofol was designated to a controlled substance, the criteria regarding propofol management, including its storage and use, have been strengthened, and resulting in difficult access of propofol for local healthcare providers. The overall propofol abuse in non-healthcare professionals will probably not increase after the propofol regulation.

In conclusion, these results provide reference data for the regulation of propofol as a controlled substance in Korea and may also be of interest to international agencies in other countries.
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Appendix
========

![Frequency of abuse (left panel) and amount of propofol at each administration (right panel) during the last 12 months. On the right panel, minimum and maximum on the y axis indicate the lowest and highest amounts of propofol for each individual. The boxes indicate 25th, 50th, and 75th percentiles, while whiskers, the minimum and maximum. One abuser had no comment regarding the frequency of the abuse.](kjae-68-586-g001){#F1}

![Degree of pleasure or euphoria obtained from propofol abuse.](kjae-68-586-g002){#F2}

![Reasons for the first administration of propofol (A) and for its subsequent abuse (B).](kjae-68-586-g003){#F3}

![Degree of pleasure or euphoria obtained from propofol abuse.](kjae-68-586-g004){#F4}

![Workplace disruptions reported by propofol abusers. Thirteen (36.1%) abusers complained of disruptions in their work life. Multiple answers were possible for this question.](kjae-68-586-g005){#F5}

###### Characteristics of Propofol Abusers (n = 38)

![](kjae-68-586-i001)

  ----------------------------------- ------------------------------------------------------------
  Age                                 28.8 ± 2.7
  Male/Female                         3 (7.9%)/35 (92.1%)
  Not married/married                 35 (92.1%)/3 (7.9%)
  Occupation                          Employee in adult entertainment establishments: 29 (76.3%)
  Unemployed: 6 (15.8%)               
  Self-employed: 3 (7.9%)             
  Highest level of education          High school: 28 (73.7%)
  College or university: 10 (26.3%)   
  ----------------------------------- ------------------------------------------------------------

Data are presented as the mean ± SD or count (%) as appropriate.

###### Comparison of the Frequency and Duration of Propofol Infusion, Amount of Propofol at Each Administration, and Demographics in Propofol Abusers with and without Withdrawal Symptoms

![](kjae-68-586-i002)

                                              Propofol abusers with withdrawal symptoms (n = 5)   Propofol abusers without withdrawal symptoms (n = 33)
  ------------------------------------------- --------------------------------------------------- -------------------------------------------------------
  Frequency of abuse                                                                              
   Two or three a week (n)                    5 (100)                                             30 (91)
  Duration of abuse                                                                               
   Over one year                              5 (100)                                             28 (85)
  Amount of propofol at each administration                                                       
   Minimum (mg)                               520 ± 148                                           533 ± 261
   Maximum (mg)                               1200 (875-2000)                                     2000 (1375-3000)
  Female/Male                                 5/0                                                 30/3
  Age (yr)                                    26.6 ± 1.9                                          29.1 ± 2.7

Data are presented as the mean ± SD, median (25-75%) or count (%) as appropriate. These parameters were compared using the two-sample t-test, Mann-Whitney rank-sum test or the χ^2^ test as appropriate. No significant differences between propofol abusers with and without withdrawal symptoms were found in any of the observations.
